f V 



WO&LD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 5 
C12N 15/63, 15/85, 15/90 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 93/09236 

13 May 1993(13.05.93) 



(21) International Application Number: PCT/US92/09353 

(22) International Filing Date : 3 November 1 992 (03. 11 .92) 



(30) Priority data: 
789,919 



6 November 1991 (06.11.91) US 



(71) Applicant (for all designated States except US): BAYLOR 

COLLEGE OF MEDICINE [US/US]; One Baylor Pla- 
za, Houston, TX 77030 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : SCHWARTZ, Robert, J. 
[US/US]; '40 19 Marlowe, Houston, TX 77005 (US). DE- 
MAYO, Franco, J. [US/US]; 3626 Merrick, Houston, TX 
77025 (US). O'MALLEY, Bert, W. [US/US]; 639 Ram- 
blewood, Houston, TX 77079 (US). 



(74) Agent: PAUL, Thomas, D.; Fulbright & Jaworski, 1301 
McKinney, Suite 5100, Houston, TX 77010-3095 (US). 



(81) Designated States: AU, BG, CA, CS, FI, HU, JP, NO, PL, 
RO, RU, US, European patent (AT, BE, CH, DE, DK, 
ES, FR, GB, GR, IE, IT, LU, MC, NL, SE). 



Published 

With international search report. 



(54) Title: MYOGENIC VECTOR SYSTEMS 



(57) Abstract 

Hie present invention includes a Myogenic vector system (MVS) for the expression of a nucleic acid sequence in myogenic 
tissue. The MVS contains a promoter, a cassette with the sequence of interest, a 3' untranslated region (3' UTR) and contiguous 
noncoding region (NCR). Further enhancements can include the addition of a leader sequence, intron sequence, initiation codon 
and specific restriction endonucleases. To facilitate uptake and myogenic expression, the MVS can be coated with histones and a 
DNA initiation complex composed of a serum response factor, transcription initiation factor and a transregulatory factor att- 
ached to the promoter by interaction with the serum response element and TATA box. The MVS can be used for a variety of pur- 
poses including gene replacement, vaccine production, vaccination, treatment of disease and muscle, atrophy. When the MVS is 
injected into a myogenic system it will produce the polypeptide from the sequence of interest. 
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MYOGENIC VECTOR SYSTEMS 

This invention was partially supported by a grant from the United 
States government under HL-38401 awarded by the National Institute of 
Health. The Government has certain rights in the invention. 

5 Field of the Invention 

The present invention relates generally to expression vectors for use 
in expressing polypeptides in myogenic cells. More particularly it relates to 
vectors containing the skeletal alpha actin gene promoter and the 
corresponding 3' transcribed but untranslated region of the gene and the 
10 contiguous noncoding DNA containing the gene's natural transcriptional 

termination region. 

Background of the Invention 
Actin is a contractile protein found in most cell types. Actin proteins 
are represented by similar but nonidentical isoforms which in warm blooded 

15 vertebrates are encoded by multigene families. Actin is expressed in a 
developmentally timed dependent and tissue specific manner, in which adult 
muscle tissues express exclusively the skeletal alpha actin gene as the 
predominant actin isoform. The nucleic acid sequence of skeletal alpha actin 
gene has been characterized in chicken, rat, mouse and human. Fornwald et 

20 al., Nucleic Acids Res., Vol. 10, pp. 3861-3876 (1982); French et al., Gene, Vol. 

88, pp. 173-180 (1990); Zak et al., Nature, Vol. 298, pp. 857-859 (1982); Hu 
et al., Mol. Cell. Biol., Vol. 6, pp. 15-25 (1986) and Minty and Kedes, Mol. 
Cell. Biol., Vol. 6, pp. 2125-2136 (1986). 

Once a gene has been characterized and sequenced it can be mapped 

25 to determine its protein coding and noncoding portions. RNA transcripts are 

initiated from a promoter region start site at the messenger RNA cap and 
continue through the protein coding region to the noncoding region involved 
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vdtHtranscriptionalterniiiiation. Post transcriptional processing of the RNA 
transcripts removes the noncoding intxons to form a continuous coding 
sequence. Further, there is progressive trimming of the RNA transcript to 
the polyadenylation signals, found in the noncoding 3' untranslated portion 
5 of the processed messenger RNA. The levels of messenger RNA biosynthesis 
and accumulation is determined by parts of the unexpressed portion of the 
gene. For example the promoter, which is part of the unexpressed portion of 
the gene, is involved in determining gene expression. It regulates when and 
how the expressed gene is transcribed. The accumulation of RNA transcripts, 
10 however, may relate to the intrinsic stability of that RNA in a particular cell 
type. This intrinsic stability is dependent on sequences within the mRNA 
that provide stabilization. Thus, the ability to express a particular gene 
product isabalance between transcription rate and thestability of the mRNA 

transcript. 

15 Expression of the actin gene family is tissue specific. The skeletal 

alpha actin protein is expressed primarily in cardiac and skeletal muscle 
tissues. Transient transfection experiments indicated that regions within the 
200 bp promoter region are sufficient for tissue restricted expression in 
primary myoblasts. Bergsma, et al, MoL Cell. Biol., Vol.,6 pp. 2462-2475 

20 (1986) and Chow and Schwartz Mol. Cell Biol., Vol.10 pp. 528-538 (1990). 

Further, the promoter region harbors conserved cis-acting elements to 
accurately initiate skeletal alpha actin transcripts from the bacterial reporter 
gene chloramphenicol aceiyltransferase (CAT) in differentiating myoblasts. 
Grichnik et al. Nucleic Acids Res., Vol. 14, pp. 1683-1701 (1986). Transgenic 

25 mice with an integrated skeletal alpha actin promoter showed preferential 
expression of the CAT gene in myogenic tissues Petropulous et al. Mol. Cell. 
Biol., Vol. 9 pp. 3785-3792 (1989). It is also known that CAT activity is 
detectable as early as 10 days in the mouse embryo when the embryonic heart 
is first being formed. Further, CAT activity can be induced in newborn 

30 skeletal muscle. Thus, the skeletal actin promoter can switch transcriptional 
activity in mammalian systems, to provide muscle restricted expression. 
However, when measurements were made to compare the levels of CAT 
messenger RNA to that of the endogenous skeletal alpha actin messenger 
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RNA (which in the adult muscle was found at levels over thousand fold 
higher than the embryo), the CAT messenger RNA could not be detected by 
standard RNA blotting techniques. These experimental results showed that 
even though small amounts CAT protein accumulated in skeletal muscle, the 
5 CAT messenger RNA never accumulated to the levels of RNA transcripts 

from the endogenous skeletal actin gene. 

Current trends for optimizing gene transcription vectors have been 
directed towards increasing the transcriptional activity of the vector system. 
For example, Observations in the human Beta globin gene system indicated 

10 that expression in transgenic mice was never as high as the expression of the 
endogenous mouse Beta globin gene. Grosveld and co-workers Cell, Vol. 51, 
pp 975-985 (1987) It was determined that the sites surrounding the globin 
locus contain a number of DNAse hypersensitive sites that are termed the 
dominant control region. This region appears to act as tissue specific 

15 enhancers. When some of these sites were cloned into a minilocus gene it 
provided erythroid tissue specific expression in transgenic animals. 
Regulatory sequences similar to the dominant control regions have been 
described for human CD2. Greaves et al. Cell, Vol. 56, pp. 979-986 (1988). 
It is known that the avian skeletal actin promoter is as active as the SV40 

20 promoter which is a standard for high levels of expression. Bergsma, et al, 

(1986). Hence, the skeletal actin promoter is not the cause for low levels of 
messenger RNA accumulation. Thus, the actin promoter is by itself 
insufficient to drive the expression of other gene products to accumulate at 
levels which are comparable to the intact skeletal alpha actin mRNA. 

25 The rate of metabolic breakdown of mRNA molecules is an important 

factor in the regulation of gene expression. The rates of decay of individual 
mRNA species can affect strongly the steady state levels of these species in 
the cytoplasm. Consequently, the extent of expression of a given gene, as 
measured by the rate of synthesis of the corresponding protein, will be 

30 dependent to a large extent on the degree of stability of the mRNA derived 

from this gene. Messenger RNA from skeletal muscle was previously shown 
to be distributed into two populations with regard to its stability. Medford 
et al. J. Biol. Chem., Vol. 258, pp. 11063-11073 (1983). One mRNA 
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population had a half life of less than 4 hours and the other population had 
a half-life of 17-to over 54 hours. 

Comparison of the untranslated regions in vertebrate skeletal alpha, 
cardiac alpha, and beta actin mRNA has revealed regions of high sequence 
5 homologywithintheS' untranslated portion of each of these actin isoformic 
mRNA and that this homology is greater among the alpha-cardiac and 
skeletal actin isoforms than between alpha striated actin and beta actin 
isoform mRNA. Mayer et al., Nucl. Acids Res., Vol 12. pp. 1087-1100 (1984); 
Ponte et al., Nucl. Acids Res., Vol. 12 pp. 1687-1696 (1984); Chang et al., 

10 Nucl. Acids Res., Vol. 13 pp. 1223-1237 (1985). In comparison, other 
vertebrate genes, such as those encoding insulin and prolactin share common 
coding regions but usually contain divergent 3' untranslated regions. The 
preservation of the 3' untranslated regions of the skeletal alpha actin gene 
in animal species ranging from birds to humans suggests that they have 

15 important biological roles. In the present invention, the incorporation of the 
myogenic specifics 3' untranslated region into recombinant DNA vectors for 
expressmgpolypeptidesmmuscletissuewasfoundtobehighly advantageous, 
since it enhanced the polypeptide mRNA content in muscle by increasmg 
stability. 

2 Q Summary of the Invention 

An object of the present invention is a myogenic vector system capable 
of expressing any specific nucleic acid sequence in myogenic tissue. 

An additional object of the present invention is a regulatable myogenic 

vector system. 

25 A further object of the present invention is a method for treating 

muscle atrophy in aging humans. 

Another method of the present invention is a method for treating 
muscle atrophy induced by spinal cord injuries or muscular disease. 

A further object of the present invention is a method of preventing or 
30 treating atherosclerotic cardiovascular disease. 

An additional method of the present invention is the introduction of 
a myogenic vector system for gene replacement. 
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A further object of the invention is a method for vaccine production in 
human or animals. 

Another object of the present invention is a method of treating growth 
disorders. 

5 Thus, in accomplishing the foregoing objects, there is provided in 

accordance with one aspect of the present invention a myogenic vector system 
(MVS) for the expression of a nucleic acid sequence in myogenic tissue 
comprising a promoter; a cassette whose 5' end is attached to the 3' end of 
the promoter, the cassette containing a nucleic acid sequence which is to be 

10 expressed; a myogenic specific 3' untranslated region (3' UTR) and a non- 

coding region (NCR) contiguous to the 3' end of the 3' UTR, the NCR 
containing a transcriptional termination signal, wherein the 5' end of the 3' 
UTR is attached to the 3' end of the cassette. 

Specific embodiments of the MVS of the present invention can further 

15 include a leader sequence following the promoter region. Additional 

embodiments of the MVS include a first intron, an initiation ATG and Ncol 
cloning site inserted between the promoter leader region area and the cassette 
area. Specific embodiments of the cassette include an EcoRl site at the 3' 
end. The 3' UTR can have an EcoRV site at its 5' end. 

20 Any promoter will work although in the preferred embodiment a 

myogenic promoter selected from a group consisting of skeletal alpha actin 
gene promoter, first myosin light chain 1 promoter, myosin heavy chain 
promoter, tropinin T promoter, muscle creatinine kinase promoter/enhancer, 
cytomegalovirus promoter, RSV promoter and Rous Sarcoma virus LTR. In 

25 the preferred embodiment the skeletal alpha actin promoter is used. 

Similarly, the 3' UTR and NCR are selected from any myogenic 
specific genes. In the preferred embodiment the skeletal alpha actin gene 3* 
UTR and NCR regions are used. 

Specific embodiment also include the addition of regulatory promoter 

30 elements to regulate the expression of any specific nucleic acid sequence in 
myogenic tissue. In the preferred embodiment, Vitamin D is used to regulate 
expression. 
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treatment of prevention of atherosclerotic cardiovascular disease, gene 
replacement, and vaccine production. 

Other andfurther objects features and advantages will be apparent 
from the following description of the presently preferred embodiments of 
5 the invention, which are given for the purpose of disclosure, when taken 
in conjunction with the accompanying drawings. 

Brief Description of the Drawings 
Figure 1 is a schematic drawing of the chicken skeletal alpha actin 
gene which includes location of unique restriction sites. 
10 Figure 2 illustrates the transcriptional domain of the avian skeletal 

alpha actin gene and the contiguous noncodingregion where transcription 
terminates (OD»mm/kb Insert Relative GAPDH). 

Figure 3 is a schematic representation of a myogenic vector system. 
Figure 4 is a schematic diagram of skeletal alpha actin/insulin like 

15 growth factor-I hybrid genes 

Figure 5 illustrates the increased activity of the myogenic IGF-I 
hybrid vectors containing the skeletal alpha actin 3' untranslated region 
and contiguous noncoding region by the accumulation of IGF-I RNA in 
stably transfected Q,C U myoblasts. 
20 Figure 6 shows the accumulation of IGF-I RNA in transgenic mouse 

lines generated with SK202IGF-I-3'SVa myogenic expression vector. 

Figure 7 shows the accumulation of IGF-I RNA in transgenic mouse 
lines generated with SK202IGF-I-3'SK myogenic expression vector. 

Figure 8 is a schematic representative of a regulatable MVS using 

25 a Vitamin D receptor. 

Figure 9 is a schematic representative of a regulatable MVS using 

a chimeric receptor. 
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Figure 10 illustrates the stability of IGF-I mRNAs with different 3' 

UTRS. 

5 The drawings are not necessarily at this scale. Certain features of the 

invention may be exaggerated in scale or shown in schematic form in the 
interest of clarity and conciseness. 

DETAILED DESCRIPTION OF THE INVENTION 

10 It will be readily apparent to one skilled in the art that various 

substitutions and modifications may be made to the invention disclosed herein 
without departing from the scope and spirit of the invention. 

The term "promoter" as used herein refers to a recognition site on a 
DNA strand to which the RNA polymerase binds. The promoter usually is 
a DNA fragment of about 100 to 200 bp in the 5' flanking DNA upstream of 

15 the cap site or the transcriptional initiation start site. The promoter forms 
an initiation complex with RNA polymerase to initiate and drive 
transcriptional activity. The complex can be modified by activating sequences 
termed "enhancers" or inhibiting sequences termed "silencers." Usually 
specific regulatory sequences or elements are embedded adjacent to or within 

20 protein coding regions of DNA. The elements, located adjacent to the 

gene, are termed cis-acting elements. These signals are recognized by other 
diffusible biomolecules in trans to potentiate the transcriptional activity. 
These biomolecules are termed trans-acting factors. The presence of trans- 
acting factors and cis-acting elements have been shown to contribute to the 

25 timing and developmental expression pattern of a gene. Cis acting elements 
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are usually thought of as those that regulate transcription and are found 
within promoter regions and other upstream DNA flanking sequences. 

The term 'leader" as used herein refers to a DNA sequence at the 5' 
end of a structural gene which is transcribed along with the gene. The leader 

5 usually results in the protein having an N-terminal peptide extension 
sometimes called a pro-sequence. For proteins destined for either secretion 
to the extracellular medium or a membrane, this signal sequence, which 
largely hydrophobic, directs the protein into endoplasmic reticulum from 
which it is discharged to the appropriate destination. 

0 The term "intron" as used herein refers to a section of DNA occurring 

in the middle of a gene which does not code for an amino acid in the gene 
product. The precursor RNA of the intron is excised and is therefore not 
transcribed into mRNA nor translated into protein. 

The term "cassette" refers to the sequence of the present invention 

5 which contains the nucleic acid sequence which is to be expressed. The 
cassette is similar in concept to a cassette tape. Each cassette will have its 
own sequence. Thus by interchanging the cassette the vector will express a 
different sequence. Because of the restrictions sites at the 5' and 3' ends, 
the cassette can be easily inserted, removed or replaced with another cassette. 

0 The term "3' untranslated region" or "3' UTR" refers to the sequence 

at the 3' end of a structural gene which is usually transcribed with the gene. 
This 3' UTR region usually contains the poly A sequence. Although the 3' 
UTR is transcribed from the DNA it is excised before translation into the 
protein. In the present invention it is preferred to have a myogenic specific 

5 3' UTR. This allows for specific stability in the myogenic tissues. 

The term "Non-Coding Region" or "NCR" refers to the region which is 
contiguous to the 3' UTR region of the structural gene. The NCR region 
contains a transcriptional termination signal. 

The 3' UTR and NCR are a key aspect of the present invention 

0 because they provide a higher level of mRNA accumulation through increased 
mRNA stability in myogenic cells rather than non-myogenic cells. Thus, this 
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increased stability of mRNA leads to the increased levels of protein 
production. 

The 3* untranslated region of the chicken skeletal alpha actin gene 
which starts at nucleotide 2060 and extends to 2331. The complete 3' 
5 untranslated region and contiguous noncoding DNA extends an additional 2.0 
Kb. This 2.3 Kb fragment can be linked immediately following the natural 
translation termination codon to a copy DNA sequence coding for a 
polypeptide desired to be expressed. 

The term "myogenic" or "myogenic specific" refers to muscle tissue. 
10 The muscle tissue can be in vivo tissue, in vitro tissue or in vitro tissue 

cultures of cells capable of differentiating into muscle tissue. Myogenic cells 
include skeletal, heart and smooth muscle cells. These vectors are transfected 
into myogenic cells in culture, and are injected into intact muscle tissue. 
These vectors containing the construction are injected into mammalian 
15 oocytes and may be stably incorporated into the genome to generate 
transgenic animals, in which the vector expresses polypeptides in myogenic 
cells. 

The term "restriction site" refers to a sequence specific cleavage site of 

restriction endonucleases. 
20 The term 'Vector" refers to some means by which DNA fragments can 

be introduced into a host organism or host tissue. There are various types 

of vectors including plasmid, bacteriophages and cosmids. 

The term "effective amount" means sufficient MVS is injected into 

myogenic tissue or culture to produce the adequate levels of the polypeptide. 
25 One skilled in the art recognizes that this actual level will depend on the use 

of the MVS. The levels will be different in treatment, vaccine production, or 

vaccination. 

In one embodiment of the present invention there is a myogenic vector 
system (MVS) for the expression of a nucleic acid sequence in myogenic 
30 tissue, comprising a promoter; a cassette whose 5* end is attached to the 3' 
end of the promoter; a myogenic specific 3' UTR and a NCR contiguous to 
the 3' end of the 3' UTR. 
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This basic system can be enhanced in a variety of ways including the 
addition of a leader sequence between the promoter and cassette. 

In a preferred embodiment the MVS for expression of a nucleic acid 
sequence in myogenic tissue comprises a functional unit which expresses the 
5 nucleic acid sequence. The functional unit is comprised of elements all 
sequentially linked together 5' to 3'. The elements in the order of linkage 
include a promoter, a 5 ' mRNA leader sequence, a first intron and initiation 
ATG and Ncol cloning site, a cassette which has a EcoRI site at its 3' end, 
a myogenic specific 3' UTR in which the 5' end of the 3' UTR has an 
10 EcoRV site, and a NCR which is contiguous to the 3' end of the 3' UTR. 

A variety of promoters can be used in the MVS. Some examples 
include skeletal alpha actin gene promoter, first myosin light chain 1 
promoter, myosin heavy chain promoter, .tropinin T promoter, muscle 
creatinine kinase promoter, cytomegalovirus promoter, RSV promoter and 
15 Rous Sarcoma virus LTR. In the preferred embodiment, a myogenic specific 
promoter such as the skeletal alpha actin gene promoter is used. 

The 3' UTR and NCR can be selected from any group of myogenic 
specific genes. Examples of genes in this group are the skeletal alpha actin 
gene, fast myosin light chain 1 gene, myosin heavy chain gene, tropinin T 
20 gene, acetyl choline receptor subunit genes and muscle creatinine kinase gene. 

In the preferred embodiment, the 3' UTR and NCR are from the skeletal 
alpha actin gene. 

Alternate embodiments of the present invention include the addition 
of a regulator system for regulating the expression of nucleic acid sequence. 

25 Any of a variety of regulator systems can be used. In the preferred 

embodiment, two different regulatory systems have been used. 

One embodiment of a regulated MVS (see Figure 7) for the expression 
of a specific nucleic acid sequence in myogenic tissue, is comprised of a first 
functional unit and a second functional unit. The first functional unit and 

30 second functional unit can be in the same vector or in two separate vectors. 

In either case both functional units must be introduced into the myogenic 
tissue. 
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The first functional unit is composed of the following elements all 
sequentially linked 5' to 3': a myogenic specific promoter, a nucleic acid 
sequence coding for a receptor, a myogenic specific 3' UTR and a myogenic 
specific NCR. 

5 The second functional unit is composed of the following elements 

sequentially linked 5' to 3': a response element corresponding to the 
receptor, a thymidine kinase promoter, a cassette containing the specific 
nucleic acid sequence of interest, a myogenic specific 3' UTR and a 
contiguous myogenic specific NCR. 

10 In this regulatable MVS, it is preferable for the first functional unit to 

continuously express the receptor. It is preferable to use a receptor which is 
not found in high levels in myogenic tissue, when the agent which is specific 
to the receptor is introduced into the system. The receptor forms an 
interaction with the response element and the specific agent. This binding 

15 interaction causes the thymidine kinase promoter to express the specific 

nucleic acid sequence. By regulating the amount of agent which is present, 
The activity of the MVS is regulated. 

In this regulatable system, the response element and receptor are 
usually complimentary and can be selected from a variety of receptor groups. 

20 For example, any vitamin, steroid, thyroid, orphan, hormone, retinoic acid 

and thyroxine can be used. In the preferred embodiment, the Vitamin D 
receptor and Vitamin D response element are used. In this case, ingestion of 
Vitamin D, for instance by drinking milk, causes the level of Vitamin D in the 
blood. This binds to the receptor being generated in the myogenic tissue and 

25 the complex binds to the receptor element causing the expression of the gene 
of interest. Thus, the MVS can be regulated by dietary intake. 

An alternate method of regulating the MVS is shown in Figure 9. In 
this embodiment, at least one of the serum response elements in the alpha 
actin promoter region is made into a receptor binding site. Then a chimeric 

30 transfactor is constructed in which the normal DNA binding domain of the 
serum response factor is replaced with the DNA binding domain of the 
receptor. The transactivation domain of the serum response factor is not 
changed. Thus, when an agent or ligand specific to the receptor is present it 
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10 



binds to the receptor in the binding domain allowing the serum response 
transactivation factor to activate transcription. Thus, the regulation can be 
controlled by controlling the amount of the agent. The DNA binding domain 
which is substituted into the normal serum response factor is usually selected 
from the following families of receptors binding domains: the vitamin, 
steroid, thyroid, orphan, hormone, retinoic acid and thyroxine. In the 
preferred embodiment, the Vitamin D receptor is used. 

The cassette can contain the nucleic acid sequence of interest and 
include any nucleic acid sequence which is to be expresses in the myogenic 
tissue or tissue culture. These nucleic acid sequence can call for any variety 
of polypeptides. The polypeptide can be any desired polypeptide including but 
not limited to known proteins. For example, the sequence could code for a 
hormone, a growth factor, an enzyme, an ^lipoprotein, tumor suppressor, 
tumor antigen, a viral protein, a clotting factor and any proteins associated 
15 with the AIDS virus, any other viral proteins, including viral surface coat 
proteins, bacterial surface proteins, parasitic cell surface proteins, viral 
reverse transcriptase and any gene which needs to be replaced by gene 
replacement. 

In specific embodiments of the MVS, the cassette included the nucleic 
20 acid for the insulin like growth factor I, or the insulin like factor H or the 
insulin growth binding protein. This specific embodiment can be used to 
treat muscle atrophy in aging humans, muscle atrophy induced by spinal cord 
injuries or neuromuscular diseases. A specific example of the latter case 
would be amyotrophic lateral sclerosis. 
25 Another specific embodiment is a MVS where the cassette contains the 

nucleic acid sequence coding for growth hormone releasing factor. This MVS 
can be used for treating muscle atrophy in aging humans. 

Another enmodiment of the present invention includes an MVS where 
the cassette includes the nucleic acid sequence for apolipoprotein A-I. This 
30 MVS canbeusedforpreventionor treatmentof atherosclerotic cardiovascular 

disease. 

In those instances where the MVS cassette contains a sequence coding 
for a viral, bacterial or parasitic protein, the MVS can be used to make a 
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vaccine. In this the procedure for making a vaccine humans or animals, 
comprising the step ofinjecting an effective amount of the MVS into skeletal 
muscle or into tissue culture. In this MVS vector the cassette contains a 
nucleic acid sequence which codes for a polypeptides capable of eliciting an 
5 antibody response. This procedure would be a safe and effective method for 
generating vaccines. The vaccine can be generated in tissue culture, or in 
vivo in humans or animals. Examples of nucleic acid sequences which can 
elicit an antibody response include those for the viral proteins, bacterial 
proteins, and parasitic proteins. A specific case example is the AIDS proteins. 

10 

Another specific embodiment of the present invention is a method of 
treating growth disease which comprises the step of injecting an effective 
amount of an MVS into skeletal muscle wherein the nucleic acid sequence in 
the cassette contains the growth hormone sequence. 

15 Another application of the present invention is a method for gene 

replacement. In this embodiment, an effective amount of the MVS is injected 
into skeletal muscle and the cassette contains any sequence which codes for 
a defective gene. For example, the genes for glycogen phosphorylase, alpha-1- 
antitrypsin and dystrophin can be inserted into the cassette. Individuals with 

20 the corresponding diseases of glycogen storage disease, alpha-l-antitrypsin 
deficiency or pulmonary emphysemia and Duchenne's Muscular Dystrophy 
would thus produce a sufficient amount of the normal polypeptide. The 
expressed protein may systemically spread throughout the animal via the 
circulatory blood system as well as remain in the injected musculature. The 

25 polypeptide may be harvested and purified as desired. 

Any of the MVS's discussed herein can be further modified to enhance 
uptake by the cell. This enhancement comprises adding a coating. The 
coating includes a DNA initiation complex and histones. The initiation 
complex comprises a serum response factor (SRF), a transcription initiation 

30 factor (TIF) and a transregulatory factor (TRF). The SRF is attached to the 
serum response element within the promoter region of the MVS. The TIF 
and the TRF then interact with the SRF and the TATA box within the 
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promoter to form a stable DNA complex. The histones bind nonspecifically 

to the remaining DNA in the MVS. 

The following examples axe offered by way of illustration and are not 

intended to limit the invention in any manner. 

g Example 1 

T en1 ,tin, nf the^fam ^eletal Alpha Actin Gene 
The 25 Kb EcoKI fragment of chicken genomic DNA isolated from a 
lambda Charon 4A vector, contains the 6.2 Kb skeletal alpha actin gene on 
a single Hind m site of P BR322 is shown in Figure 1. Chang et al. Mol. Cell. 

10 Biol. Vol 4:2498-2508 (1984). Nuclear transcription runoffs were used to map 
the transcriptional domain of the skeletal alpha actin gene (Figure 2). DNA 
probes which encompassed portions of the 5' noncoding, promoter, coding, 
and the contiguous 3' noncoding regions were cloned into M13 vectors which 
provided sense and antisense probes. Nuclei isolated from fibroblasts, 

15 myoblast and day 19 embryonic muscle cells were used in m mtro 
transcription assays to extend RNA transcripts with radioactive tagged 
nucleotides. Labeled RNA hybridized to dotted DNA probes showed that 
transcriptionterminates approximately 1 kb downstream of the skeletalalpha 
actin gene's poly A addition site. This is within a 800 bp Pvu H fragment 

20 between +2800 and +3600 nucleotides from the start of transcription. 

The 3' untranslated region (3' UTR) and the contiguous noncoding 
region (NCR) can be isolated by restriction endonucleases digestion of the 6.2 
Kb actin gene with blunt cutter Nae I, which cuts 30 bp upstream of the 
translation termination codon TAA Hind HI releases the 3' most portion of 

25 the actin gene from the vector P BR322 (Figure 3). The 3' UTR and NCR 
were used to prepare DNA constructs. The skeletal alpha actin promoter and 
DNA flanking sequences (at least 411 nucleotides from the mRNA cap site) 
andDNA sequences extending through the skeletal 5' noncoding leader, first 
intron and up to the initiation of translation ATG, converted to a Nco I 

30 cloning site at +196, was liberated from a M13 double stranded DNA by Xba 
I and Ncol digestion, Klenow filled in and then linked into the Xbal and blunt 
Smal sites of pBluescript E KS (Stratagene). The NCol site is regenerated 
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by this cloning step. The 3' UTR and NCK on the 2.3 kb Nael/HindHI 
fragment were directionally cloned into a blunt EcoRV site and the adjacent 
Hindm site of the pBluescript II KS vector cassette. The EcoRV and Nael 
sites are destroyed. The restored Nco I site was used to insert cDNA 
5 sequences encoding polypeptides. Another cloning vector was constructed by 
inserting the skeletal alpha actin promoter from -411 to -11 adjacent to the 
3* UTR and NCR. This myogenic vector ehminates the first intron and the 
skeletal actin 5' leader sequence. These two vectors were used in preparing 
DNA constructs to test the efficacy of the 3' UTR and NCR. 

10 Example 2 

Construction of a MVS Contain ing the Human IGF-I 
Constructions containing the skeletal actin promoter were linked to the 
^ human IGF-I cDNA by standard recombinant DNA techniques. Maniatis, 
Fritsch and Sambrook, Molecular Cloning. A laboratory manual. Cold Spring 

15 Harbor Laboratory, Cold Spring Harbor, NY, 1982. Examples of a 
generalized MVS structure is shown in Figure 3. Specific construction IGF-I 
are shown in Figure 4. The construction was made so that the SV40 poly A 
addition site and the small t-intron were linked to the 3' untranslated region 
of the IGF-I cDNA. The SV40 sequences were added to increase the stability 

20 of nuclear IGF-I RNA transcripts. Since the SV40-t-intron might not be 
entirely suitable in the expression of IGF-I in muscle cells, five other vectors 
were made. The SK733 Ncol vector contains approximately 411 nucleotides 
of the skeletal alpha actin promoter, the natural cap site, 5' untranslated 
leader and the first intron. An Ncol site was engineered to create a unique 

25 insertion cloning site for the cassette containing the IGF-I cDNA, in which 

the initiation ATG was also converted to an Ncol site. The SK733IGF-I 
construction utilizes its own poly A site. An Nael/Hindlll fragment which 
incorporated the skeletal alpha actin 3' untranslated region, poly A addition 
site, and terminating sequences was linked to SK202, SK733 Ncol, IGF-I and 

30 to SK733IGF-I which the IGF-I poly A site was deleted and replaced by that 
of skeletal alpha actin. In this way IGF-I RNA transcripts containing the 
skeletal alpha actin 3' untranslated region are stabilized and accumulate in 



-15- 



f PCT/US92/09353 

WO 93/09236 

skeletal muscle cells. In addition, by providing contiguous 3' noncoding 
DNA, IGF-I is buffered against outside genomic sequences and is thus more 
protectedfromposition effects, when integrated into the genome. In addition, 
by providing natural terminating sequences, the additional regulatory 
5 sequences that mark the transcriptional domain of skeletal alpha actin 
improve tissue specificity, developmental timing and transcriptional activity. 

Example 3 
Activity- of M VS rinnstructs 
To determine the efficacy of actin promoter/gene IGF-I hybrid genes 

0 in mouse myogenic cells the MVS was studied using these genes in the 
background of mammalian Gfi, myoblasts by making a population of stable 
transfectedC^myoblasts. The altered IGF-I expression levels were directly 
evaluated in these stable myoblast cell lines. Each IGF-I construction (Figure 
4) was co-transfected with the drug selectable vector EMSV-Hygromycin into 

5 mouse CA* cells. After two weeks of selection, a population of stable 
myoblasts was selected. A population of C A* myoblasts stably transfected 
only with EMSV-Hygromycin served as the controls. Visual inspection of the 
transfected myoblast revealed several insights into the role of IGF-I on 
muscle cell differentiation that would not be obvious in transgenic mice. In 

l0 general all of the myogenic cell lines containing IGF-I genes caused myoblasts 
in growth media (10% fetal calf serum) to replicate more extensively than 
controls. Changing culture medium to 2% horse serum initiates the 
differentiation process. In the process, control C A* myoblasts fuse to form 
multinucleated myotubes over aperiod of four days. At the same ceU density 

!5 per culture dish, myoblasts containing SK733IGF-I, SK202IGF-I-SK, 
SK733IGF-I-SK1 andSK733IGF-I-SK2 fusedat least two-to-three days earlier 
than OA, or EMSV-Hygromycin control myoblasts. 

Figure 5 shows the steady state accumulation of IGF-I mRNA in CAs 
myoblasts. Equal amounts of total cellular ENA was isolated from stably 

(0 transfected CA* myoblasts grown in growth media (G) or differentiation 
media (D). The ENA was electrophoretically separated on denaturing agarose 
gels, transferred onto nylon filters and probed with uniformly T labeled full 
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length human IGF-I cDNA under standard hybridization techniques. The 
intensity of the autoradiographic signal on X-ray film provides a relative 
measure of mRNA accumulation, an overall index of combined transcriptional 
activity and mRNA stability of the myogenic expression vector system. The 
5 IGF-I mRNA in vector, SK202IGF-I-3'SVa did not accumulate in myotubes 
above myoblast levels. This is a typical expression activity. The SK733IGF-I 
vector contains the IGF-I 3' untranslated region. The IGF-I mRNA from this 
vector accumulated in myotubes but at levels substantially lower than 
SK202IGF-I-SK or SK733IGF-I-SK2. These later two vectors contain the 
10 skeletal actin 3' UTR and contiguous noncoding regions. Since, the primary 
difference in these vectors is the 3' UTR, the increased stabilization of the 
mRNA transcripts due to the skeletal 3' UTR accounts for about a 100 fold 
difference in mRNA content. 

Example 4 

15 Measurement of Secreted Levels of TGF-I from MVS 

Differentiated myotube cultures were grown in minimal media (DMEM 
and 0.05% bovine serum albumin RIA grade) in order to measure the amount 
of IGF-I synthesized and secreted into the media. SK733IGF-I-SK2 is the 
most effective construction to express IGF-I in muscle cells. IGF-I was 

20 assayed by both radioimmunoassays of tissue culture media and by 
immunoperoxidase staining of cells. We have found increased levels of IGF-I 
during the fusion of several of our muscle cultures. The comparison of levels 
from different MVS are shown in Table 1. In control cultures, the level of 
IGF-I was in the range of 0.2-0.5 ng/ml. In comparison, vector 

25 SK733IGF-I-SK2 has levels of IGF-I at least one hundred times greater. 

The role of the skeletal alpha actin 3' UTR on mRNA stability was 
examined in the stable population of transfected C2C12 myogenic cells. A 
transcription blocker, actinomycin D (8 ug/ml) was added to differentiated 
myogenic cultures at the myotube stage and timed samples were removed for 

30 RNA blotting analysis to determine relative amounts of IGF-I mRNA. 

Transcripts containing the natural human IGF-I 3' UTR were found to turn 
over rapidly with a half life of less than 1 hour. These results are consistent 
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with the short half life of growth factors. IGF-I transcripts containing SV40 
3' UTR and poly A addition signals displayed a half life of about 4 hours. In 
contrast, IGF-I transcripts containing the skeletal alpha actin 3' UTR showed 
a high level of stability with a half life greater than 18 hours. These results 
5 support the claim that the high level of IGF-I mRNA that accumulates in the 
SK733IGF-I-SK2 transfected C2C12 myoblasts is due in part to the 
differential stabilization of mRNA which contains the contiguous skeletal 
alpha actin 3' UTR. 

Table I 

10 IGF-I Levels in Stably Transfected CA* Myoblasts 

Construction IGF-I 

(ng/ml of media/4 days) 

SK202IGF-I-3'SVa 4.4 



15 



20 



30 



SK733IGF-I ~ 3 - 8 
SK733IGF-I-SK2 79.0 
Control CAa 05 



In a similar manner, immunoperoxidase staining of myogenic cultures 
revealed the increased production of immunological reactive IGF-I in stable 
transfected myoblasts but not in the control EMSV-Hygromycin transfected 
myoblasts or in perfusion % cells. Antibodies against the A and D regions 
were used at dilutions of 1:1000. All of the transfected lines including 
SK202IGF-I were positively immunoperoxidase stained. Thus, it is clear that 
enhanced levels of IGF-I are being synthesized and exported from the stable 
myoblasts. 

25 Example 5 

T-ncortinn of MVS into Transgenic Mice 
Transgenic mice carrying SK202IGF-I-3 'SVa or SK202IGF-I-SK were 
generated by standard oocyte injection (Brinster, et al, Proc. Natl. Acad. Sci. 
USA Vol 82:4438-4442 (1958)) and bred to demonstrate stable transmission 
of transgenes to subsequent generations. Transgenics were identified by 
polymerase chain reaction or Southern genomic DNA blotting analysis from 
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tail cut DNA. Transgenics were tested for muscle specific expression of the 
transferred IGF-I vector by RNA blotting of total RNA isolated from several 
tissues as shown in Figures 6 and 7. Independent transgenic mouse lines 
5484, 5496, 5832, 5834 were generated with SK202IGF-I-3'SVa, containing 
5 the SV40 3' intron and poly A addition sequence. Mice from these strains 
were found to have weak expression primarily in heart tissue, but very low 
levels were found in skeletal muscle and non-myogenic tissues such as the 
kidney and brain (Figure 6). Independent transgenic mouse lines 3357, 3359 
generated with SK733IGF-I-3'SK2. Mice from these strains were found to 

10 have elevated expression levels of IGF-I (Figure 7). These levels are 
comparable to the endogenous mouse alpha actin gene activity. These levels 
from SK733IGF-I-3'SK2 show at least 100-1000 fold greater accumulation of 
IGF-I mRNA in comparison to the levels produced by the SK202IGF-I-3'SVa 
vector. The addition of the skeletal alpha actin 3' UTR and contiguous 

15 noncoding regions allowed for a preferential increase in IGF-I RNA in 
skeletal muscle rather than cardiac. Thus, the 3' UTR and NCR of the 
skeletal actin have an important role in enhancing muscle specific gene 
expression. 

Muscle tissue homogenates were analyzed by radioimmunoassay to 
20 determine the relative levels of IGF-I production. Homogenates were acid 

chromatographed to separate IGF-I from IGF binding proteins after acid 
chromatography fractions containing IGF-I were pooled, lyophilized, 
reconstituted and assayed by the protocol of Liu, F, Powell, D.R., Styne, D.M. 
and Hintz, R.L. (191) J. Clin. Endocrin. Metab. 72:905-911. The IGF-I 
25 antiserum was provided by the National Hormone and Pituitary Program. 

In Table II, we detected a ten fold increase in the content of IGF-I in 
transgenic SK 7333 IGF-I SK muscle in comparison to controls. Thus, there 
is good correspondence between the increased IGF-I mRNA content with over 
an order of magnitude increase of expressed IGF-I in transgenic mouse 
30 muscle tissue. 
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Table II 

Muscle Content of IGF-I in Transgenic Mice 
IGF-I (100 ng/lOOug of muscle protein; 

Control 11-5 

5 SK 733 IGF-I-3' SK2 1° 5 - 5 

mouse line 3357 

Example 6 
re gression »f MVS into T"fa"* Muscle 
Intact plasmid DNA in a sterile 20% sucrose solution (wt/vol) can be 

10 injectedintomatureavianormammaHanmuscle. Following a single injection 
the vector DNA is stable for at least 30 days as a non-integrated 
extrachromosomal circular DNA in muscle nuclei and, is transcriptionally 
active. Wolf et al., Science, 247: 1465-1468 (1990). However, greater than 
99% of the injected DNA is degraded in muscle under the Wolff protocol 

15 (Wolff, et al, BioTechniques Vol. 11:4374-485, 1991). This protocol can be 
ixnprovedby increasing the uptake of plasmid DNA into muscle and reducing 
vector degradation. The procedure of the present invention uses MVS DNA 
coated with the relevant transcriptional regulatory factors, the human serum 
response factor and other human associated nuclear proteins, such as 

20 histones, and transcription initiation factors to enhance uptake and stability. 

The regulatory proteins protect the DNA against muscle nucleases and 
facilitate the uptake of the protein coated DNA into myogenic nuclei. 

The MVS forms a protein/DNA complex by the sequence specific 
binding of the serum response factor with the inner core CC(A/T) 6 GG of the 

25 serumresponseelementandbytheadditionofhistones. The interaction with 
the inner core of the promoter facilitates myogenic cell type restricted 
expression of the skeletal alpha actin gene. The serum response factor, 
transcription initiation factor, transregulatory factor and histones are added 
to the MVS by an in vitro binding reaction to form a reconstituted 

30 protein/DNA complex. 

One method of post-natal gene therapy involves injecting myogenic 
vectors into adult muscle for the express purpose of expression of a particular 
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polypeptide. Myogenic vector SK733IGF-I-SK2 was injected at about 100 
jig/100 \xl into the gastrocnemius muscle of hypophysectomized BALB/C mice. 
The entire muscle was removed between 1 to 4 weeks following injection and 
assayed for IGF-I mRNA content in comparison to the uninjected 
5 contralateral limb. As compared to controls, tube injected limbs should 
increase levels of IGF-I mRNA due to the expression of the MVS. 

Injection of 20 ug of SK73IGF-I-SK2 plasmid DNA into the 
vastuslateralis muscle of Little mice caused an average increase of 60% in 
IGF-I levels in comparison to controls, injected with only the plasmid vector 
10 pSK-3'SK, as assayed by IGF-I radioimmunoassay. Two animals injected 
with the SK7331IGF-I-SK2 vector doubled IGF-I levels as shown in Table III. 



Table III 

Somatic Gene Transfer to Skeletal Muscle of Little Mice 

Muscle 

15 Mouse # Plasmid (20ug DNA) IGF-I(ng/100ug protein) 

776 pSK-3'SK 4.2 

777 pSK-3'SK 4.2 

778 pSK-3'SK 4.5 

779 pSK-3'SK 3.9 
20 780 pSK-3'SK 3.9 

781 pSK-3'SK 4.2 



782 pSK733IGFSK2 4.5 

783 pSK733IGFSK2 6.3 

784 pSK733IGFSK2 8.2 
25 785 pSK733IGFSK2 6.9 

786 pSK733IGFSK2 8.4 

787 pSK733IGFSK2 7.0 
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Example 7 
TV^^oTit reith G™"** Hormone 
Growth hormone is produced and secreted from the anterior pituitary 
and promotes linear growth in prepuberty children. The secretion of growth 
5 hormone is regulated by a stimulatory (growth hormone releasing hormone) 
and an inhibitory (somatostatin) hypothalamic hormone. Growth hormone 
acts on the liver and other tissues to stimulate the production of insuhn hke 
growth factor I. This factor is responsible for the growth promoting effects 
of growth hormone. Further, this factor serves as an indicator of overall 
10 growthhormone secretion. Serum IGF-I concentration increases in response 
to endogenous and exogenous administered growth hormone. These 
concentrations are lowin growthhormone deficiency. The injection of a MVS 
containing the sequence for IGF-I (for example SK 733 IGF-I Sk2) can be 
used to treat growth disorders. The injection of the MVS is a long-torm 
15 ^expensivewaytomcreases^^ 
with growth hormone deficiency. 

Example 8 

TVggfcmftTit of MusHfl Atronbv Dire To Age 
Growth hormone levels decline with increasing age. The levels in 

20 healthy men and women above age of 55 are approximately one third lower 
than the levels in men and women 18 to 33. The decline in growth hormone 
and IGI-I production correlate with the decrease in muscle mass, termed 
senile muscle atrophy, and increase in adiposity that occur in healthy human 
subjects. Administering growth hormone three times a week to healthy 61 to 

25 81 year old men who had serum levels below those of healthy younger men 
increased the Serum IGF-I levels to within the range found in young healthy 
adults. This increase level led to increased muscle mass and strength and 

reduced body fat. 

The convenient cloning sites in the Myogenic Vector System are used 
30 to construct MVS vectors containing human growth hormone cDNA sequence 
and/or the human growth hormone releasing (secretory) hormone. The 
expression of an MVS driven growth hormone gene following intramuscular 
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injections is another way to increase IGF-I serum levels. The MVS expression 
of the growth factor releasing hormone (GHRH) might be more advantageous 
than the expression of either IGF-I or the growth hormone vectors 
transcripts. Since GHRH is reduced in the elderly it appears to be 
5 responsible for the lack of GH secretion rather than the anterior pituitary 
capability of synthesizing growth hormone, thus the increased expression of 
GHRH from muscle would increase GHRH levels in systemic blood system 
and can allow for the natural diurnal secretion pattern of GH from the 
anterior pituitary. In this way, GHRH could act as the natural secretogogue 
10 allowing for elevated secretion or release of GH from the hypothalamus of the 

elderly. 

Thus, the application of myogenic vector systems to express insulin-like 
growth factors through the injection of the SK 733 IGF-I Sk2 vector into 
adult muscle of the elderly is a long-term inexpensive way to increase 
15 systemic blood concentration of IGF-I in the elderly. 

Example 9 

Human Muscle Atrophies Induced by Spinal Cord 
in juries. Denervation, and Neuromuscular Diseases 

Insulin-like growth factors are one of the key factors that potentiate 

20 muscle development and muscle growth. Myoblasts naturally secrete IGF- 

I/IGF-II as well as its cognate binding proteins during the onset of fusion. 

This process coincides with the appearance of muscle specific gene products. 

In terminally differentiated muscle, signals propagated from passive stretch 

induced hypertrophy induce the expression of IGF genes. Many of the actions 

25 of IGFs on muscle result from interactions with the IGF-I receptor. The 

receptor is a ligand activated tyrosine specific protein kinase. Insulin-like 

growth factors are also known neurotrophic agents which maintain neuronal 

muscular synapses, neuron integrity, and neuronal cell life under 

neurodegenerative conditions. It has been possible to increase muscle growth 
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under otherwise stringent growth conditions in myogenic cultures and 
transgemcnuceb^^ 

injections into adult muscle allows direct transfer of growth promoting gene 
constructions into muscle and thus provides postnatal gene therapy. Since 

5 theMVSdrivengenesarere^ 

muscle, they provide a direct and rather broad application for remedying 
certain kinds of human muscle atrophies caused by spinal cord injuries and 
neuromuscular diseases. These diseases include the spinal cord muscular 
atrophies and aymtxophic lateral sclerosis (ALS). In this treatment, the 

10 product of the MVS acts as a neurotrophic agent secreted from injected 
muscle and as a hypertrophic agent to maintain muscle integrity. 



15 



20 



Example 10 
AJWngttlftmtic Q ^^aseular Diseases 
Atherosclerotic cardiovascular disease is a major cause of mortality in 
the United States and the world. The atherosclerotic plaque, the basic 
underlying lesion in atherosclerosis, contains cholesterol esters that are 
derived from circulating lipids, these circulating lipids are essential to the 
development of atherosclerosis. The plasma concentration of high density 
lipoprotein (HDL) is inversely related to the propensity for developing 
atherosclerosis. In the nascent state, HDL is secreted in the form of discoidal 
particles. These particles consist of abilayer of phosphlipids onto which the 
apolipoproteins (apoA-I, ApoH and E) are embedded. HDL captures 
cholesterol esters by the action of an enzyme, lecithin-cholesterol 
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acyltransferase. HDL is secreted from the liver, the small intestine and 
possibly other tissues. 

The APO A-I cDNA is 878 bp and encodes 267 amino acids, including 
the 24 amino acid propropeptides. Increasing the circulating levels of HDL 
5 can influence or reverse cholesterol transport, and thus reduce the propensity 

for forming atherosclerotic plaques. The insertion of the human APO A-I 
coding sequences into the MVS serves as an expression vector for enhanced 
APO A-I expression following injection of plasmid DNA into skeletal muscle. 
The MVS APO A-I hybrid gene is effective for long term expression, 
10 biosynthesis and secretion of HDL in an ectopic site, and thus increases the 
content of total secretable HDL in blood plasma. 



Example 11 

Vitamin D Regulatable Myogenic Vecto r System 
The first tier of myogenic vectors designed with the skeletal actin 

15 promoters and 3' untranslated regions provide high levels of unregulated 
transcriptional activity. Under certain circumstances, it is desirable to control 
the vector's transcriptional activity and to switch gene transcription on and 
off by the systemic introduction of a simple inducer or ligand. It is also 
important that the regulation of the myogenic vector be controlled by natural 

20 inducer products that are neither considered toxic to humans nor are 
immunogenic. Two different Vitamin D regulatory systems are shown in 
Figures 8 and 9. 

The cellular concentration of Vitamin D receptor (VDR) in muscle can 
be increased through the MVS system by injecting a hybrid skeletal actin 
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VDR gene that would be under control of the actin promoter and the 3' UTE 
stabilizing sequences. The target, SEQ- ID. No. 2, is constructed to contain 
synthesized multimers of the Vitamin D regulatory element (VDRE). This 
target is linked to aminimal Herpes Simplex Virus (HSV) thymidine kinase 
5 promoter. Transcriptional activity emanating from the TK promoter is 
regulated by the presence of VDR and coactivated by the ligand, Vitamin D. 
AnypolypeptidesequenceclonedmtandemtotheHSVpromoter.asacDNA, 

is driven from the target vector when Vitamin D is introduced into the muscle 
cells. The hybrid actin VDR gene and the target vector are linked on the 

10 same plasmid or coinjected on separate plasmids. Premeasured levels of 
Vitamin D are administered by drinking a glass of milk or taking a Vitamin 
D pill. The levels are used to activate transcription of the target vector. 
Taking the ligand on every other day, will oscillate the promoter activity. 
Removal of the ligand, Vitamin D, from the diet down regulates or represses 

15 transcription from the target vector. 

Example 12 
Vaccine Production 
The MVS system is well suited for directing the expression of an 
exogenous protein epitope in muscle, and thus, for generating vaccines in 
20 humans and animals. Targeted sequences are inserted into the cassette of a 
MVS for expression of protein epitopes for mediating protective 
unmunization. For example, the constant regions of the AIDS viral proteins 
GP 120, GP 160 and GP 41 and for cell mediated immunity GP 24, the 
surface proteins of Hepatitis A, B, C, and C viruses, respiratory viruses 
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including influenza, and the gastrointestinal rotaviruses are used. The MVS 

is then injected into the human or animal. 

All patents and publications mentioned in the specification are 

indicative of the levels of those skilled in the art to which the invention 
5 pertains. All patents and publications are herein incorporated by reference 

to the same extent as if each individual publication was specifically and 

individually indicated to be incorporated by reference. 

One skilled in the art will readily appreciate that the present invention 

is well adapted to carry out the objects and obtain the ends and advantages 
10 mentioned as well as those inherent therein. The myogenic vector systems 

along with the methods, procedures treatments and vaccinations described 

herein are presently representative of preferred embodiments are exemplary 

and not intended as limitations on the scope of the invention. Changes 

therein and other uses will occur to those skilled in the art which are 
15 encompassed within the spirit of the invention or defined by this scope with 

the claims. 
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SEQUENCE listing 

(1) GENERAL INFORMATION: 

(i) APPLICANT : Schwartz, Robert J. 

DeMayo, Franco 
O r Malley f Bert W. 

(ii) TITLE OF INVENTION: Myogenic Vector Systems 
(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Thomas D. Paul 

(B) STREET: 1301 McKinney, Suite 5100 
(C> CITY: Houston 

(D) STATE: Texas 

(E) COUNTRY * United States of America 

(F) ZIP: 77010-3095 

( V ) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC— DOS/MS— DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY / AGENT INFORMATION: 
(A) NAME: Paul, Thomas D» 
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(B) REGISTRATION NUMBER: 32,714 

(C) REFERENCE /DOCKET NUMBER: D-5379 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 713/651-5325 
5 (B) TELEFAX: 713/651-5246 

(C) TELEX: 762829 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 275 base pairs 
10 (B) TYPE: nucleic acid 

( C ) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cDNA 
<iii) HYPOTHETICAL: NO 
15 (iv) ANTI -SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
TAAACATGTT TACATGATCA CTTTGCCAAC CACACTCAGG ATGACAATCT TGTAGGTTCC 60 
AGGCTGCTGA GGACCTGCAC CAGCCATGCA ACTTTCTATT TTGTAACAAT TTCTGGTTAC 120 
TGTTGCTGCA AAGCCCATGT GACACAGTGT ATGTAAAGTG TACATAAATT AATTTATTTT 180 
20 ACCTCGTTTT GTTTGTTTTT AAAACCAATG CCCTGTGGAA GGAAACATAA AACTTCAAGA 240 



-29- 



WO 93/09236 

AGCATTAAAT CAT CAGTCAT TCTGTCACAC CCCTA 

(2) INFORMATION FOR SEQ ID NO: 2: 

(I) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairB 
g (By TYPE: nucleic acid 

(C> STRANDED NESS : double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

L0 (iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO-.2: 
GGTGACTCAC CGGGTGAACG GGGCATT 
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CLAIMS 

What we claim is: 

1. A myogenic vector system (MVS) for the expression of a nucleic 
acid sequence in myogenic tissue, comprising a promoter; a cassette 

5 whose 5' end is attached to the 3' end of the promoter, said 

cassette containing a nucleic acid sequence which is to be 
expressed; a myogenic specific 3' untranslated region (3'UTR) and 
a non-coding region (NCR) contiguous to the 3' end of the 3' UTR, 
said NCR containing a transcriptional termination signal, wherein 
10 the 5' end of the 3' UTR is attached to the 3' end of the cassette. 

2. The MVS of claim 1, further comprising a 5' mRNA leader 
sequence inserted between the promoter and cassette, wherein the 
5' end of said leader sequence is attached to the promoter and the 
3' end is attached to the cassette. 

A MVS for the expression of a nucleic acid sequence in myogenic 
tissues comprising a functional unit which expresses the nucleic 
acid sequence, wherein the functional unit is comprised of elements 
all sequentially linked together 5' to 3', said elements include the 
promoter; a 5' mRNA leader sequence; a first intron; an initiation 
ATG and Ncol cloning site; a cassette, wherein the cassette has an 
EcoRl site at its 3' end and contains the nucleic acid sequence to 
be expressed; a myogenic specific 3' untranslated region (3' UTR); 



15 3. 



20 
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10 



and a non-coding region (NCR) contiguous to the 3' end of the 3' 
UTR, said NCR containing a transcriptional termination signal. 

4. The MVS of claim 1 or 3, wherein the promoter is myogenic 

specific. 

5. The MVS of claim 2 or 3, wherein the leader sequence is myogenic 

specific. 

6. The MVS of claim 1 or 3, wherein the promoter is selected from the 
group consisting of skeletal alpha actin gene promoter, fast myosin 
light chain 1 promoter, myosin heavy chain promoter, tropinin T 
promoter,muscIecreatinmekinasep^^ 

receptor subunits, cytomegalovirus promoter, RSV promoter and 
Rous Sarcoma virus LTR. 

7. The MVS of claim 1 or 3, wherein the promoter is a skeletal alpha 
actin gene promoter. 



15 8. 



The MVS of claim 1, 3 or 59, wherein the a' UTR and NCR are 
selected from the group consisting of skeletal alpha actin gene, fast 
myosin light chain 1 gene, myosin heavy chain gene, tropinin T 
gene and muscle creatinine kinase gene. 
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9. The MVS of claim 1, 3 or 59, wherein the 3' UTR and NCR are 
from the skeletal alpha actin gene. 

10. The MVS of claim 1, 3 or 59 further comprising a regulator system 
for regulating the expression of the nucleic acid sequence. 

5 11. The MVS of claim 10, wherein at least one of the serum response 

factors in the promoter region is a chimera, having its DNA binding 
domain replaced with a receptor DNA binding sequence. 

12. The MVS of claim 11, wherein the receptor binding site is selected 
from the family of receptors consisting of vitamin, steroid, thyroid, 

10 orphan, hormone, retenoic acid, and thyroxine. 

13. The MVS of claim 11, wherein the receptor binding site is a 
Vitamin D receptor. 

14. The MVS of claim 1, 3 or 59, wherein the expressed nucleic acid 
sequence codes for a polypeptide. 

15 15. The MVS of claim 1, 3 or 59, wherein the expressed nucleic acid 

sequence codes for the polypeptide selected from the group 
consisting of a hormone, growth factor, enzyme, apolipoprotein, 
clotting factor, tumor suppressor, tumor antigen, viral protein, 
bacterial surface protein, and parasitic cell surface protein. 
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16. 



The MVS of claim 1, 3 or 59, wherein the expressed nucleic acid 
sequence codes for insulin like growth factor I, insulin like growth 
factor II or insulin growth factor binding protein. 

17. The MVS of claim 1, 3 or 59, wherein the expressed nucleic acid 
sequence codes for growth hormone releasing hormone. 

18. The MVS of claim 1, 3 or 59, wherein the expressed nucleic acid 
sequence codes for apolipoprotein A-I. 



19. 



The MVS of claim 10, wherein the expressed nucleic acid sequence 
codes for insulin like growth factor I, insulin like growth factor H 
!0 or insulin growth factor binding protein. 



20. 



21. 



15 22 



The MVS of claim 10, wherein the expressed nucleic acid sequence 
codes for growth hormone releasing hormone. 

The MVS of claim 10, wherein the expressed nucleic acid sequence 
codes for apolipoprotein A-I. 

A method for introducing a continuous supply of polypeptide into 
a human, animal or tissue culture, comprising the step of injecting 
an effective amount of the MVS of claim 1 or 3 into skeletal muscle 
of said human or animal or into said tissue culture. 
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23. A method for introducing a regulated supply of polypeptide into a 
human or animal or tissue culture, comprising the step of injecting 
in an effective amount of the MVS of claim 10 into skeletal muscle 
of said human or animal or into said tissue culture. 

5 24. A method for treating muscle atrophy in aging humans, comprising 
the step of injecting an effective amount of the MVS of claim 16 
into skeletal muscle of said aging human. 

25. A method for treating muscle atrophy in aging humans, comprising 
the step of injecting an effective amount of the MVS of claim 19 

10 into skeletal muscle of said aging human. 

26. A method for treating muscle atrophy in aging humans, comprising 
the step of injecting an effective amount of the MVS of claim 17 
into skeletal muscle of said aging human. 

27. A method for treating muscle atrophy in aging humans, comprising 
15 the step of injecting an effective amount of the MVS of claim 20 

into skeletal muscle of said aging human. 

28. A method of treating a human with muscle atrophy induced by 
spinal cord injuries or neuromuscular diseases, comprising the step 
of injecting an effective amount of the MVS of claim 16 into the 

20 skeletal muscle of the human. 
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29. The method of claim 28, wherein the human has amyotrophic 
lateral sclerosis. 

30. A method of treating a human with muscle atrophy induced by 
spinal cord injuries or neuromuscular diseases, comprising the step 

5 of injecting an effective amount of the MVS of claim 19 into the 

skeletal muscle of the human. 

31. The method of claim 30, wherein the human has amyotrophic 
lateral sclerosis. 



32. A method of preventing or treating atherosclerotic cardiovascular 
disease in a human, comprising the step of injecting an effective 
amount of the MVS of claim 18 into skeletal muscle of the human. 



10 



33. A method of preventing or treating atherosclerotic cardiovascular 
disease in a human, comprising the step of injecting an effective 
amount of the MVS of claim 21 into skeletal muscle of the human. 

15 34. A method of gene replacement, comprising the step of injecting an 
effective amount of the MVS of claim 1 or 3 into skeletal muscle, 
wherein the nucleic acid in the cassette contains the gene to correct 
the genetic defect. 
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35. The method of claim 34, wherein the cassette contains a sequence 
to code for the gene selected from the group consisting of glycogen 
phosphorylase, alpha-l-antitrypsin and dystrophin. 

36. A method of gene replacement, comprising the step of injecting an 
5 effective amount of the MVS of claim 10 into skeletal muscle, 

wherein the nucleic acid in the cassette contains the gene to correct 
the genetic defect. 

37. The method of claim 36, wherein the cassette contains a sequence 
to code for the gene selected from the group consisting of glycogen 

10 phosphorylase, alpha-l-antitrypsin and dystrophin. 

38. A method for vaccine production in a human or animal, comprising 
the step of injecting an effective amount of the MVS of claim 1 or 
3 into skeletal muscle of the human or animal, wherein the nucleic 
acid sequence in the cassette codes for a polypeptide capable of 

15 eliciting an antibody response. 

39. The method of claim 38, wherein the nucleic acid sequence is 
selected from the group which codes for a bacterial cell surface 
protein, a viral protein and a parasitic cell protein. 

40. The method of claim 38, wherein the nucleic and sequence codes for 
20 an AIDS virus protein. 
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41. Amethodfor vaccine production in a human or animal, comprising 
the step of injecting am effective amount of the MVS of claim 10 
into skeletal muscle of the human or animal, wherein the nucleic 
acid sequence in the cassette codes for a polypeptide capable of 

5 eliciting an antibody response. 

42. The method of claim 41, wherein the nucleic acid sequence is 
selected from the group which codes for a bacterial cell surface 
protein, a viral protein and a parasitic cell protein. 

43. The method of claim 41, wherein the nucleic and sequence codes for 
an AIDS virus protein. 

44. A method of treating growth disease, comprising the step of 
injecting an effective amount of the MVS of claim 1 or 3 into 
skeletal muscle of the diseased individual, wherein the nucleic acid 
sequence in the cassette contains the growth hormone sequence. 

15 45. A method of treating growth disease, comprising the step of 
injecting an effective amount of the MVS of claim 10 into skeletal 
muscle of the diseased individual, wherein the nucleic acid sequence 
in the cassette contains the growth hormone sequence. 

46. A regulatable myogenic vector system (MVS) for the expression of 
20 a specific nucleic acid sequence in myogenic tissue comprising: 
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a first functional unit, elements of said first unit comprise a 
myogenic specific promoter; a nucleic acid sequence coding for a 
receptor; a myogenic specific 3' untranslated region (3' UTR) and 
a myogenic specific non-coding region (NCR); wherein the elements 
of the first unit are linked together sequentially starting from the 
5' end with the promoter, followed by the receptor nucleic acid 
sequence, followed by the 3' UTR and contiguous NCR; 

a second functional unit, elements of said second unit 
comprise a response element corresponding to the receptor; a 
thymidine kinase promoter; the specific nucleic acid sequence of 
interest; a myogenic specific 3' UTR and a contiguous myogenic 
specific NCR; wherein the elements of the second unit are linked 
together sequentially starting from the 5' end with the response 
element followed by promoter followed by the specific sequence, 
followed by the 3' UTR and NCR; 

wherein the first unit expresses the receptor, said receptor 
forming an interaction between the response element, the receptor 
and an agent which binds to the receptor, said interaction up 
regulating the expression of the sequence of interest. 

The MVS of claim 46 wherein the first and second functional units 
are on the same vector. 

The MVS of claim 46, wherein the first and second functional units 
are on separate vectors. 
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49. The MVS of claim 46, wherein the receptor is selected from the 
family of receptors consisting of vitamin, steroid, thyroid, orphan, 
hormone, retinoic acid and thyroxine. 

50. The method of claim 46 wherein the receptor is the Vitamin D 
5 receptor, the response element is the Vitamin D response element 

and agent is Vitamin D. 



10 



15 



51. 



The MVS of claim 1, 3 or 46, further comprising a coating, said 

coating includes: 

a DNA initiation complex, said DNA initiation complex 
comprises a serum response factor CSRF), a transcription initiation 
factor (TIF) and a transregulatory factor (TRF), wherein the SRF 
is bound to the serum response element within the promoter, the 
TIF and TRF interact with the SRF and the TATA box within the 
promoter to form a stable complex; and 

histones, said histones bound nonspecifically to the 

reniaining DNA in said MVS. 



52. A method for introducing a polypeptide into a human, animal or 
tissue culture, comprising the step of injecting an effective amount 
of the coated MVS of claim 51 into skeletal muscle of said human 
20 or animal or tissue culture. 
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53. A method of treating human or animal disease, comprising the step 
of injecting an effective amount of the coated MVS of claim 51 into 
skeletal muscle of said human or animal. 

54. A method of gene replacement, comprising the step of injecting an 
5 effective amount of the coated MVS of claim 51 into skeletal 

muscle, wherein the cassette contains the gene sequence to correct 
the genetic defect. 

55. A method for vaccine production in a human or animal, comprising 
the step of injecting an effective amount of the coated MVS of claim 

10 51 in skeletal muscle of the human or animal, wherein the cassette 

includes the sequence coding for a polypeptide capable of eliciting 
an antibody response. 

56. A method for treating muscle atrophy, comprising the step of 
injecting an effective amount of the coated MVS of claim 51 into 

15 skeletal muscle. 

57. The MVS of claim 10, further comprising a coating, said coating 
including: 

a DNA initiation complex, said DNA initiation complex 
comprising a serum response factor (SRF), transcription initiation 
20 factor (TIF) and transregulatory factor (TRF), wherein the SRF is 

attached to the serum response element within the promoter, the 

-41- 



PCT/US92/09353 

WO 93/09236 

TIF and TRF interact with the SRF and the TATA box within the 
promoter to form a stable complex; and 

histones, said histones bound nonspecifically to the 

remaining DNA in said MVS. 

5 58. The MVS of claim 11, further comprising a coating, said coating 

includes: 

a DNA initiation complex, said DNA initiation complex 
comprises a serum response factor (SRF), a transcription initiation 
factor (TIF) and a transregulatory factor (TRF), wherein the SRF 
is attached to the B erumresponse element within the promoter, the 
TIF and TRF interact with the SRF and the TATA box within the 
promoter to form a stable complex; and 

histones, said histones bound nonspecificaUy to the 
remaining DNA in said MVS. 
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15 



20 



59. A myogenic vector system (MVS) for the expression of a 
nucleic acid sequence in myogenic tissue, comprising: 

a 5' oligonucleotide, said oligonucleotide including a 

promoter; 

a 3' oligonucleotide containing a myogenic specific 3' 
untranslated region (3' UTR) and a non-coding region (NCR) 
contiguous to the 3' end of the 3' UTR, said NCR containing a 
transcriptional termination signal; and 
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a linker, having a plurality of restriction endonuclease sites, 
said linker connecting the 5' oligonucleotide to the 3' 
oligonucleotide and said linker further providing a position for 
insertion of a cassette containing the nucleic acid to be expressed. 

5 60. The MVS of claim 59, wherein the 5' oligonucleotide further 

includes a leader sequence. 

61. The MVS of claim 1 or 3, wherein the nucleic acid sequence 
to be expressed is heterologous relative to the 3' UTR and NCR in the 
MVS. 

10 62. A recombinant cell containing the vector of claims 1, 3, 10 or 

59. 

63. A vaccine comprising the vector of claim 1, 3, 10 or 59, 
wherein the nucleic acid in the cassette encoded an immunoglobin gene 
protein. 

15 64. A pharmacological compound comprising the myogenic of 

claims I, 3 10 or 59 and a pharmacological delivery vehicle. 

65. A method for increasing milk production comprising the step 
of introducing a pharmacological dose of the myogenic vector of claim 1, 
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3, 10 or 59 into a milk producing animal, wherein the nucleic acid of said 
cassette encodes for growth hormone. 

66. Amethodfor increasing meat production comprising the step 
of introducing a pharmacological dose of the myogenic vector of claim 1, 
5 3, 10 or 59 mto a meat producmg animal, wherein the nucleic acid of said 
cassette encodes for growth hormone. 
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